This study concentrates on the heat transfer analysis of the steady flow of viscoelastic fluid along an inclined stretching surface. Analysis has been carried out in the presence of thermal radiation and the Rosseland approximation is used to describe the radiative heat flux in the energy equation. The equations of continuity, momentum and energy are reduced into the system of governing differential equations and solved by homotopy analysis method (HAM). The velocity and temperature are illustrated through graphs. Exact and homotopy solutions are compared in a limiting sense. It is noticed that viscoelastic parameter decreases the velocity and boundary layer thickness. It is also observed that increasing values of viscoelastic parameter reduces the thickness of momentum boundary layer and increase the heat transfer rate. However, it is found that increasing the radiation parameter has the effect of decreasing the local Nusselt number.
Introduction
Recently the heat transfer analysis in boundary layer flow induced by a stretched surface has gained much interest because of its engineering and industrial applications. For instance in the extrusion of plastic sheets, spinning of fibers, polymer, cooling of elastic sheets and many others. The quality of final product strongly depends upon heat transfer rate and thus cooling process can be controlled effectively. Further, the concept of radiative heat transfer in the flow has an important role in manufacturing industries for the design of reliable equipment, nuclear plants, gas turbines and various propulsion devices for aircraft, missiles, satellites and space vehicles. The flow of a viscous fluid over a moving surface was initiated by Sakiadis [1, 2] . Crane [3] derived similarity solution in closed form for the flow of viscous fluid induced by a stretching sheet. At the present there is large number of papers dealing with the flow of viscous and non-Newtonian fluids over a stretching sheet. We have just mentioned some recent representative studies in this direction [4 -14] .
In a very recent study, Haung et al. [15] discussed the heat mass transfer in flow of a viscous fluid along an inclined stretching sheet.
To the best of our knowledge no study has been presented for the heat transfer analysis in the flow of a viscoelastic fluid along an inclined stretching sheet. The object of present work is to address this issue. Hence two-dimensional flow of an incompressible fluid in the presence of thermal radiation has been considered. The flow problem is computed by homotopy analysis method (HAM) [16 -25] . The variations of embedded parameters on the velocity and temperature are displayed and discussed.
Definition of Governing Problem
We consider the steady two-dimensional mixed convection flow of an incompressible viscoelastic fluid over an inclined stretching surface. The heat transfer is considered in the presence of thermal radiation subject to Rosseland approximation. The x-axis is measured along the stretching surface and y-axis normal to the x-axis (Fig. 1) . The governing equations through conservation of mass, momentum and energy can be written as
in which u and v are the velocity components in the xand y-directions, σ * is the Stefan-Boltzmann constant, T is the fluid temperature, g is gravitational acceleration, ν is the kinematic viscosity, σ is the electrical conductivity, ρ is fluid density, β T is thermal expansion coefficients of temperature, c p is specific heat and k * the mean absorption coefficient. The boundary conditions relevant to the problem are defined as follows:
with surface temperature T w equal to
where b and c are the positive constants. We define the following variables
Introducing the stream function ψ by
the continuity equation is identically satisfied and the resulting problems for f and θ are given by
In the above expressions
is mixed convection param-
is the local Grashof number, Re x = u w x/υ is the local Reynolds number,
is the radiation parameter and primes indicate the differentiation with respect to η. The skin friction coefficient C f and local Nusselt number Nu x are presented as follows:
where the skin-friction τ w and wall heat flux q w are defined as follows
Substituting (7) and (8) into (14) and (15) we obtain
Exact solutions of (9) - (10) for λ = 0 are
where 1 F 1 are the confluent hypergeometric functions.
Solution Expressions
In order to find the homotopy solutions, we express f and θ in the set of base functions
by the following definitions
where a m,n and b m,n are the coefficients. Initial guesses f 0 and θ 0 and auxiliary linear operators are taken as
where
in which C i (i = 1 -5) are arbitrary. Introducing p ∈ [0, 1] as the embedding parameter andh f andh θ the non-zero auxiliary parameters, the zeroth-order deformation problems are presented as follows:
θ
Substituting p = 0 and p = 1, we have
and when p increases from 0 to 1, f (η; p) and θ (η; p) deforms from f 0 (η) and θ 0 (η) to f (η) and θ (η) respectively. Further Taylors' series expansion results
and the auxiliary parametersh f andh θ are selected in such a manner that the series (20) and (21) converge at p = 1. Hence
and the associated problem at mth order are
The general solutions of (39) -(41) are obtained as follows:
where f * m (η) and θ * m (η) are the special solutions and
Convergence of the Series Solutions
Clearly the non-zero auxiliary parametersh f andh θ are present in the solutions (33) and (34). These param- Fig. 2) . The series given by (36) converge in the whole region of η whenh f =h θ = −0.6. Table 1 indicates the convergence of the homotopy analysis solutions for different order of approximations.
Results and Discussion
The object of this section is to examine the velocity and concentration for various parameters of interest. A comparative study between exact and the homotopy solution for the velocity f (η) and the concentration field field θ (η) is presented in the Figures 3 and 4 when λ = 0. These figures show an excellent agreement between the exact solution and homotopy solution at 15th-order of approximations. The variations of K, λ , α, Pr and Nr have been sketched in Figures 5 -9 . Figure 5 depicts the velocity profile f (η) and temperature θ for various values of viscoelastic parameter K. It is found that velocity f (η) decreases as the viscoelastic parameter increases (Fig. 5a ) but temperature increases in this case (Fig. 5b) . Figure 6 plots the effects of mixed convection parameters λ on the velocity and temperature profiles. The influence of buoyancy parameter λ decreases the thermal boundary layer. Increasing buoyancy parameter corresponds to the stronger buoyancy force and thus lead to the larger velocity. The larger velocity accompanies with decreasing boundary layer thickness for temperature. It is interesting to observe that for large inclination α the boundary layer thickness increases (Fig. 7a) whereas opposite effects are found in case of temperature distribution Figure 8 . Infact increasing values of λ corresponds to the stronger buoyancy force which causes an Figure 8 illustrates the effects of Prandtl number on the velocity and temperature profiles. It is observed that the effects of the Prandtl number decreases both velocity and thermal boundary layer thickness. Infact an increase in the Prandtl number leads to an increase in fluid viscosity which causes a decrease in the flow velocity. Note that Pr < 1 corresponds to the flows for which momentum diffusivity is less than the thermal diffusivity. An increase in the weaker thermal diffusivity therefore results in thinning the thermal boundary layer. Note that Figure 9 represent the variations of velocity and temperature profiles for various values of the radiation parameter Nr. Figure 9a depicts that velocity increases with the increase of radiation parameter Nr. It is found that an increase in Nr significantly increases the temperature θ (Fig. 9b) . Thus radiation should be minimized to have the cooling process at a faster rate. Numerical values of local Nusselt number for various values of embedding parameters are computed in Table 2 . It is noticed that local Nusselt number is an increasing function of λ and Pr. However an increase in Nr causes a reduction in the magnitude of local Nusselt number.
Concluding Remarks
In this work, the effect of thermal radiation on the mixed convection boundary layer flow and heat transfer in a viscoelastic fluid over an inclined stretching sheet is studied. The main observations are presented as follows.
• The HAM solutions for velocity and temperature fields are in an excellent agreement with the exact solution.
• The effect of viscoelastic parameter K on velocity and thermal boundary layer thickness are quite opposite.
• An increase in the viscoelastic parameter K results a decrease in the velocity and the associated boundary layer thickness. However the temperature and the thermal boundary layer thickness increase when K increases.
• An increase in Prandtl number Pr reduces the temperature and the thermal boundary layer thickness.
• The values for Nusselt number for viscoelastic fluid are more than the viscous fluid.
